Objective: This work aims to study the effects of hormone therapy (HT) on the risk of cardiovascular outcomes and all-cause mortality in women treated with statins.
H ormone therapy (HT) has been subjected to continued debate, and two large randomized clinical trials (the Women's Health Initiative study and the Heart and Estrogen/progestin Replacement Study) have had a major impact on recommendations concerning use of HT. 1, 2 Before the publication of the trials, HT was believed to be protective against cardiovascular disease.
3,4 However, the picture changed and, mainly based on the findings from these studies, the European Medicines Agency and the US Food and Drug Administration currently recommend that HT be restricted to the minimal effective dose for the shortest duration and that women with a history of cardiovascular disease abstain from HT. 5, 6 These regulatory recommendations do not, however, consider different base risks. The restrictive prescription policy attributable to fear of cardiovascular disease among women at risk for cardiovascular disease may cause impaired quality of life and lack of beneficial therapy effects. 1,7<9 Prevention of cardiovascular disease has increasingly important health implications as the population ages and, currently, as many as 10% of the adult Swedish female population is treated with statins. 10 Benefits and risks of HT have not been thoroughly explored for women treated with statins. The aim of the present work was to study associations between HT and cardiovascular events and mortality in women treated with statins, using population-based data.
METHODS

Study design and population
In a register-based cohort study, we included incident female statin users aged 40 to 74 years and living in Sweden (Fig.) . Women who filled a prescription for statins between July 2006 and July 2007 and had no previous fillings of statins within a 12-month period before that were included. Twelve months after statin initiation, they were included in the study cohort as HT users or nonusers.
Data collection
Information on filled prescriptions, comorbidity, cardiovascular events, and mortality was obtained from the Swedish national registers. Individual record linkage between the registers was possible through the unique personal identification number assigned to all Swedish residents. 11 The registers are nationwide and cover all residents. The Swedish Prescribed Drug Register comprises information on the formulation and date of all filled prescriptions, including their Anatomical Therapeutic Chemical Classification System (ATC) codes since July 2005. Drugs administered in hospitals are not covered in the register.
The Swedish National Patient Register holds information on primary and secondary diagnoses from all hospitalizations (nationwide since 1987) and outpatient hospital visits (since 2001). Diagnoses are recorded by the International Classification of Diseases (ICD) system. The current version is the 10th revision, which has been used since 1997. The register also holds information on the Nordic Classification of Surgical Procedures. The Cause of Death Register holds data on the dates and causes of death of all Swedish residents, and diagnoses are recorded by ICD-10 codes. The Register of the Total Population holds information on migration, education, and income.
Exposure to HT
HT users were defined as women who continuously filled prescriptions for HT within 12 months of statin initiation. For each woman, information on number of dispensed packages and package size was obtained from the Prescribed Drug Register. Doses were assumed to be one unit dose (tablet/patch/gel) per day. Exposure length was defined as the number of packages multiplied by package size. All dispensed unit doses were assumed to be used, and excessive unite doses were included in exposure length. Continuation of HT was assessed using the permissible gap method. 12 Gaps are periods in which no medication is available to the patient, and treatment was considered continued if the gap between the previous filled prescription's last date of supply and the subsequent refill was less than 180 days. The ATC was used to identify HT, such as semisynthetic estrogens (ATC code G03CA), combinations of progestogen and estrogen (ATC codes G03FA and G03FB), and selective estrogen receptor modulators (ATC code G03XC01). Only estrogens with systemic effects were considered in the analyses. Of the 40,958 statin users eligible for inclusion, 1,024 women with noncontinuous use of HT during run-in were excluded from further analyses.
Outcomes
We investigated associations between HT and cardiovascular events, cardiovascular deaths, and all-cause mortality. The outcomes were defined using information on primary diagnoses by ICD-10, Nordic Classification of Surgical Procedures, and ATC codes, as presented in Table 1 . The cardiovascular events included were myocardial infarction, ischemic stroke/transient ischemic attack, peripheral arterial disease, or ischemic heart disease. Only incident ischemic heart disease or peripheral arterial disease (ie, without a previously recorded diagnosis of ischemic heart disease or peripheral arterial disease) was considered as outcome. Analyses were performed for all women, for women categorized by reason for statin therapy (primary or secondary prevention), and for incident and prevalent users of HT. Secondary prevention was defined as a previously recorded diagnosis of myocardial infarction, other ischemic heart disease, ischemic stroke/transient ischemic attack, or peripheral arterial disease at statin initiation. Women without any of these diagnoses at statin initiation were considered to be using statins for primary prevention and were categorized accordingly. Women who filled a prescription for HT and had no previous fillings during the 12-month period before the start of statins were considered as incident hormone users. All other women were categorized as prevalent HT users.
Covariates
We included as covariates those conditions occurring before inclusion in the study (Table 1) , which could be considered as confounders or effect modifiers: HT, myocardial infarction, ischemic heart disease, stroke/transient ischemic attack, peripheral arterial disease, essential hypertension, congestive heart failure, atrial fibrillation, diabetes with or without complications, dementia, chronic obstructive pulmonary disease, peptic ulcer disease, rheumatic disease, renal disease, mild liver disease, moderate or severe liver disease, any cancer, metastatic cancer, level of income and education, nicotine therapy, and adherence to statin therapy. The diseases were classified by ICD-10 codes and categorized as disease (yes or no). Both primary and secondary diagnoses were considered for the covariates. Education was categorized into three categories, and income was categorized by quartiles ( Table 2 ).
Follow-up period
All women were followed up from 12 months after the date of the first filled prescription for statins to the end of the study (December 31, 2011), emigration, cardiovascular event, death, or change of HT. Nonusers were censored at the first filled A filled prescription recorded in the Prescribed Drug Register within 1 year of the statin index date used to define statin use as secondary prevention. Statin users without these diagnoses, procedure codes, and drugs were categorized as primary prevention.
c Individuals using an antihypertensive drug without a recorded diagnosis of stroke/transient ischemic attack, ischemic heart disease, peripheral arterial disease, atrial fibrillation, congestive heart failure, or diabetes with complications. prescription for HT, and users were censored 180 days after the end of exposure to hormones.
Adherence to statins
To assess the influence of adherence to statins, we performed analyses including adherence categorized as high or low by the proportion of days covered by statin therapy during the first year after the statin index date. Adherence was categorized as Bhigh[ when the proportion of days covered was 80% or more and as Blow[ when the proportion of days covered was less than 80%.
Statistical methods
All analyses were carried out using SAS version 9.4 (SAS Institute, Cary, NC). Descriptive statistics are presented as numbers and proportions. Observed person-years were calculated separately for users and nonusers as the sum of years during the follow-up period. Rates are presented as number of events per 10,000 person-years. Using multiple Cox regression, we estimated hazard ratios for cardiovascular events, cardiovascular deaths, or all-cause mortality for women using HT (users) versus women not using HT (nonusers). Time to first cardiovascular event, death from cardiovascular disease, or all-cause mortality (4) 18 (1) 169 (1) 98 (12) 1,260 (11) Congestive heart failure 178 (6) 2,663 (7) 15 (1) 200 (1) 163 (20) was used as an independent variable (survival time) in the models. Cox regression models were adjusted for age (model 1) and age together with other covariates (model 2). Hazard ratios for cardiovascular events, cardiovascular deaths, and all-cause mortality were also estimated by primary or secondary prevention and for incident or prevalent users of HT. In additional analyses, change in estimate of hazard ratio was tested for each of the confounders or effect modifiers and calculated relative to hazard ratios derived from model 1. None of the confounders or effect modifiers changed the estimate by more than 10%. Furthermore, the influence of adherence to statin therapy was investigated by examining the hazard ratios for low versus high adherence, applying model 2 for the total cohort, incident HT users, and prevalent HT users.
Ethical approval
The study was approved by the Regional Ethical Review Board at Karolinska Institutet (Stockholm, Sweden; 2010/2:11).
RESULTS
Baseline characteristics of the study population are presented in Table 2 . We included 40,958 women (2,862 HT users and 38,096 nonusers) who were followed up for 3.5 years at least and 4.5 years at most (mean, 4.0 y). In total, 70% of the women used statins as primary prevention. The mean (interquartile range) age of HT users was 61 (57-66) years, and that of nonusers was 62 (57-68) years. A similar proportion of HT users and nonusers had been recorded, at baseline, with at least one diagnosis of cardiovascular disease or other chronic disease (78% vs 80%; Table 2 ). The rates per 10,000 person-years, together with hazard ratios for associations between HT and cardiovascular events, cardiovascular deaths, and all-cause mortality, are presented in Table 3 . The rates of cardiovascular events were 250/10,000 person-years among HT users and 267/10,000 person-years among nonusers. The adjusted hazard ratio (95% CI) was 1.04 (0.88-1.22). The corresponding rates of cardiovascular deaths were 5/10,000 person-years among users and 18/10,000 person-years among nonusers, yielding an adjusted hazard ratio (95% CI) of 0.38 (0.12-1.19). The all-cause mortality rates were 33/10,000 person-years among users and 87/10,000 person-years among nonusers, and the adjusted hazard ratio (95% CI) was 0.53 (0.34-0.81).
Similar patterns of conformity were found when women were categorized by reason for statin treatment (ie, as primary or secondary prevention). For women who used statins as primary prevention, there were no effects on risk of cardiovascular events (adjusted hazard ratio, 1.07; 95% CI, 0.87-1.32). The rates of cardiovascular death were 2/10,000 person-years and 10/10,000 person-years among users and nonusers, respectively, yielding an adjusted hazard ratio (95% CI) of 0.31 (0.04-2.22). The corresponding rates of all-cause mortality were 25/10,000 person-years and 59/10,000 person-years, and the adjusted hazard ratio (95% CI) was 0.58 (0.32-1.06). For women who used statin treatment as secondary prevention, there was no association between HT use and cardiovascular events (adjusted hazard ratio, 0.98; 95% CI, 0.76-1.27). The rates Hazard ratios with 95% CI were estimated for HT users versus nonusers. HT, hormone therapy.
a Adjusted for age. Adjusted for age, myocardial infarction, ischemic heart disease, stroke/transient ischemic attack, peripheral arterial disease, essential hypertension, congestive heart failure, atrial fibrillation, paraplegia or hemiplegia, diabetes with or without complications, dementia, chronic obstructive pulmonary disease, peptic ulcer disease, rheumatic disease, renal disease, liver disease (mild/moderate or severe), any cancer, metastatic solid cancer, education (three levels), income (quartiles), nicotine therapy, and adherence to statins (high adherence [Q80% of days covered by statin therapy during the first year since statin initiation] vs low adherence).
of cardiovascular death were 11/10,000 person-years and 39/10,000 person-years among users and nonusers, respectively (adjusted hazard ratio, 0.43; 95% CI, 0.11-1.73). The corresponding rates of all-cause mortality were 54/10,000 personyears and 154/10,000 person-years, yielding an adjusted hazard ratio (95% CI) of 0.47 (0.25-0.88). The hazard ratios for estimated cardiovascular outcomes were lower for incident users than for prevalent users of HT, though with imprecise CIs. For cardiovascular events, the adjusted hazard ratio (95% CI) was 0.49 (0.18-1.31) for incident users and 1.07 (0.90-1.26) for prevalent users. For cardiovascular deaths, hazard ratios could not be estimated for incident users because there were no deaths among them. Among prevalent users, the adjusted hazard ratio (95% CI) for cardiovascular death was 0.40 (0.13-1.27). The corresponding adjusted hazard ratio (95% CI) for all-cause mortality was 0.87 (0.22-3.51) among incident users and 0.51 (0.32-0.80) among prevalent users. The proportion of women with high adherence to statin treatment was 59% both among HT users and among nonusers.
DISCUSSION
In this nationwide cohort study including women treated with statins, HT was associated with a reduced risk of allcause mortality, and we found no association with occurrence of cardiovascular events. Point estimates of cardiovascular death among hormone users suggested a reduced risk, but CIs were imprecise. The results were consistent whether the women had statins for primary or secondary prevention. There may be several explanations for the discrepancy between the findings in the Women's Health Initiative study, 1 the findings in the Heart and Estrogen/progestin Replacement Study, 2 and the findings in our study, such as differences in study population and statin use. We included all women aged 40 to 74 years who were recently considered to be at risk for cardiovascular disease. Although the Women's Health Initiative study cohort included women of similar age, they were mainly healthy, and only 7% of the women were statin users at baseline. The results of the Women's Health Initiative study are not necessarily applicable to women on statin treatment. The Heart and Estrogen/ progestin Replacement Study 2 included women with previous coronary heart disease. Despite the fact that all of the women had previous coronary heart disease, only 45% used lipidlowering drugs at baseline. The Heart and Estrogen/progestin Replacement Study found that HT increased the risk of recurrent coronary events in the short term, but of coronary benefits in the long term. These somewhat controversial findings were also found in the secondary analyses of the Nurses' Health Study 13 and have been explained by the fact that estrogens seem to prevent the development of atherosclerosis but have an opposite effect on established atherosclerosis. 14<16 Although we had limited information on duration of hormone use before statin initiation and time of menopause, our findings of similar risk reductions for cardiovascular mortality among incident and prevalent hormone users would speak against a differential effect by time of use. In our study, all of the women used seminatural 17A-estradiol, as conjugated estrogens are not sold in Sweden. In the Women's Health Initiative study and the Heart and Estrogen/progestin Replacement Study, all women used conjugated estrogens. Although the findings reported from previous studies have been ambiguous, estradiol might be less thrombogenic or atherosclerogenic than conjugated estrogens, which may explain the more beneficial effect of HT in the present study.
17<20
A possible beneficial effect is supported by the findings in a recent follow-up of a clinical trial, where women initially were randomized to HT with 17A-estradiol and compared with nonusers. 21 In that study and in accordance with our findings, HT was reported to reduce the risks of mortality and myocardial infarction. There may be a positive interaction between statins and HT. A substudy from the Heart and Estrogen/progestin Replacement Study suggested that statins attenuate the early increased risk of coronary heart events associated with HT. 22 Previous basic studies implied that 17A-estradiol may increase atherosclerotic plaque instability, for example, by up-regulating mediators. 23, 24 Concurrent use of statins, which inhibit 17A-estradiol up-regulation of mediators, may prevent increased atherosclerotic plaque instability and thus prevent early coronary heart events. Several factors may contribute to the lower risk of cardiovascular death among HT users compared with nonusers. HT users might have closer medical attention than nonusers, which could increase the possibilities for other preventive interventions and thereby reduce the risk of cardiovascular disease. It should also be acknowledged that the absolute number of cardiovascular deaths among HT users was low; therefore, the results should be interpreted cautiously. Death from any cause may be considered less prone to bias or interpretation, and the decrease in all-cause mortality was mainly driven by the decrease in cardiovascular death. Except for diabetes, which was more common among nonusers, there were no major differences in the prevalence of cardiovascular diseases or other chronic diseases between users and nonusers. However, upon assessment of the influence of diabetes on the risks of cardiovascular outcomes and mortality, risk estimates were hardly affected. Lifestyle may also influence the results, and previous studies have indicated that women who receive HT may generally be healthier than those not receiving HT. 25 High socioeconomic status (assessed as high education and high income), which is associated with a healthier lifestyle, was slightly more common among users. Adjusting for level of education and income had, however, only minor effects on risk estimates. We had no direct information on smoking, but we used chronic obstructive pulmonary disease diagnoses and smoking cessation drugs as surrogate measures for smoking. HT users were slightly more often diagnosed with chronic obstructive pulmonary disease (7% among users vs 5% among nonusers). In Sweden, most cases of chronic obstructive pulmonary disease are related to tobacco smoking, 26 and recording of this disorder should reflect the extent of smokers in our study. The number of women who filled a prescription for smoking cessation drugs was equally distributed among users and nonusers. In addition, education may be used as a surrogate measure for smoking. 27 Adjusting for chronic obstructive pulmonary disease, smoking cessation drugs, and education had only minor influence on the results. Although the lack of ability to assess smoking as such is a limitation, smoking-related factors had no major influence on the estimates. Adherence to statin treatment most probably affects cardiovascular outcomes and may also be regarded as a proxy for a healthier lifestyle. 28 It should be noted that high adherence was equally common (59%) among HT users and nonusers, and there was no change in the risks of cardiovascular outcomes and all-cause mortality when adjusting for adherence to statin treatment. We considered as users all women on continuous HT during the year after the statin index date. Some nonusers may have previously used HT, as drug use before July 2005 could not be assessed. However, if anything, these presumptive misclassifications would have diluted the effect of therapy. In addition, as the outcomes were based on codes recorded in the registers, some misclassification of the outcome may have occurred, as diagnoses and procedures could have been wrongly recorded or not recorded at all. Such misclassifications would presumably be nondifferential in relation to HT and of subordinate importance, considering the good quality of the registers.
29,30
Strength and limitations
A major strength of this study is the ability to follow up a well-defined large cohort of women. The use of a nationwide population-based cohort, including all female incident statin users taking or not taking HT, ensures the generalizability of the study results. However, this study does not include women at risk for cardiovascular disease but not taking statin treatment; thus, the results are not applicable to all women at risk for cardiovascular disease. The use of filled prescriptions as a measure of drug use eliminates recall bias, and although the Prescribed Drug Register holds nearly complete data regarding all fillings, we acknowledge that filled prescriptions do not necessarily imply the use of a drug. The lack of information on disease severity and the scarce information on body mass index (as only those with a diagnosis of obesity recorded in the registers were captured) could be considered as additional limitations. In the present study, 7% of the women at risk for cardiovascular disease used HT. Most of these women probably had used HT for several years because half of HT users were older than 61 years and the mean age at menopause is around 52 years. The current recommendations imply that some women at risk for cardiovascular disease, which have disabling symptoms related to menopause, may unnecessarily be denied hormone use. 7, 8, 13, 31, 32 In light of the current prevention strategies for cardiovascular diseases, such as statin use and lifestyle interventions, it should be valuable to reflect on the restricted use of HT in women treated with statins.
CONCLUSIONS
HT is associated with a reduced risk of all-cause mortality and no increased risk of cardiovascular disease. Although other factors, such as lifestyle and disease severity, may have influenced the results, HT does not seem to be detrimental to statin-treated women.
